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RESEARCH MEMORANDUM

FLIGHT MEASUREMENTS OF THE LATERAT, RESPONSE
CHARACTERTSTICS OF THE CONVAIR XF-02A
DELTA-WING ATRPIANE

By BEuclid C. Hollemsan
SUMMARY

As part of the flight research program conducted wilith the Convalr
XF-92A delta-wing research alrplane, rudder pulse maneuvers were obtained
at an altitude of about 30,000 feet over a Mach number range of 0.52
to 0.92. Teste were made with and without a wing fence.

By analyzing these maneuvers the characteristics of the alrplsne
transient, airplane stability derivatives, and frequency-response char-
acteristics were meassured. The alrplane handling quallties were improved
by the addition of wing fences. The agreement between experimental and
calculated stability derivatives was falr to poor. However by using
transfer-function equations from the lateral equations of motion and the
experimental stability derlvatives, freguency responses were calculated
that compared favorably wlth those determined by Fourier transformation.

INTRODUCTLION

Measurements of the dynamlc lateral response characteristics of the
alrplane were made at an eltitude of sbout 30,000 feet and over a Mach
number range of 0.52 to 0.92 as part of a flight investigatlion using
the X¥F-92A deltae-wing aslrplane. Some dynamic lateral response data were
also obtained while the effects of wing fences on the alrplane longlitu-
dinal charecteristics were belng Investigated. Resuits of the longitu-
dinal stability investigation with and wilithout wing fences are presented
in reference 1. The resulis of simultaneous lateral tests on the air-
plane are reported in reference 2, and results of dynamic longitudinsl
tests are presented In reference 3.

During thls phase of the XF-92A test program the dynamic lateral
behavior of the airplane was investigated by analyzing the alrplane
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response to abrupt rudder pulse dlsturbances. From the recording of each
of these maneuvers it was possible to obtain some of the more important
stabllity derivatives and alsc the frequency-response characteristics of
the airplane.
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SYMBOLS AND COEFFICIENTS

transverse acceleration, g units
wing span, ft

pressure altitude, £t
rolling-moment coefficilent
yawlng-moment coefficient

side-force coefficient
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U8y 35,
oC
Cy = —L
T~ 3p
oC
CY = ——I
5 03,
IX moment of inertia ebout longitudinal stebility axis,
slug-ft2
I, moment Of inertia sbout vertical stebility axis, slug-ft>
Iyy product of inertias relative to the stability axis, slug-ft2
M Mach number
time, sec
v true velocity, fi/sec
a angle of attack, deg
5] sideslip angle, radians or deg
&y rudder control position, deg
€ angle between reference axls and principsl axis, positive
when reference axis 1s gbove principal axis at nose of
airplane, deg
¢ damping ratio
P roll angle, raedians
P roll velocity, radians/sec
] phase angle, deg
¥ yaw angle, radiens

o
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yaw velocity, radians/sec

¥

w frequency, radians/sec

Wn undsmped natural frequency, radians/sec
Subscripts:

b body exis

ATRPLANE

The Convailr XF-92A alrplane is a single-place fighter-type delte-
wing airplane powered by a J33-A-29 turbojet engine with afterburner.
Physical characteristics of the airplane are presented in table I and
a three-view sketch is presented iIn figure 1. For some of the tests a
fence was located at the 0.607 semispan station of the wing. The fence
height was equal to the wing thickness at the 0.607 semispan station
and extended around the wing leading edge as shown iIn figure 2. The
airplane inertis in roll and yaw sbout the body axis was obtained from
the manufacturer. An inclination of the principal axis of inertis was
estimated to be 1° below the airplane body axis (fig. 1) and the air-
plane inertia sbout the stability exis was calculated for the angle-of-
attack range of these tests (fig. 3). Airplane weilght and center-of-
gravity position were determined from pilot reports of the amount of
fuel remaining at the conclusion of each meneuver. Average values for
these quantities are 13,400 pounds and 27.5 percent of the mean aero-
dynemic chord, respectively.

The airplane ls controlied by a conventional rudder and by full-
span elevons which function as elevators and allerons. All control
surfaces sre operated by an irreversible hydraulic system with artifi-
cial feel.

INSTRUMENTATION

Standard NACA recording instrumentation was used to record airspeed
altitude, normal acceleration, transverse acceleration, yawing velocity,
rolling velocity, angle of attack, angle of sideslip, elevon position,
and rudder position. All records were synchronized by a common timer at

3
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intervals of 0.1l second. An airspeed head, mounted on & boom spproxi-
mately 5.4 feet ahead of the airplsne nose inlet, measured both static
and total pressure. Alrspeed was calibrated by pacer and radesr tracking
and is believed to be accurate to *0.0l Mach number. Control positions
were measured by standard control position transmitters and were recorded
on a Weston galvanometer which had a flat response to about 5 cycles per
second. Angle of attack and angle of sideslip were measured by a vane-
type pickup and were also recorded on a Weston galvanometer. The side-~
g8lip vane pickup and recorder had a flat response to sbout 5 cycles per
second. Roll angular velocity was recorded with a direct recording
megnetically damped turnmeter wlth a natural frequency of 20 cycles per
second and a damping ratio of 0.64. Yaw angular velocity was recorded
with the same type instrument with a naturel fregquency of 9.5 cycles

per second and a damping ratio of 0.67.

TESTS

The test procedure for this investigation consisted of recording
the airplane response to abrupt rudder pulses. In each instance the
airplene was stabilized at the desired test speed and altlitude and was
disturbed by a rapid pulse of the rudder control. During the disturbance
el controls except the rudder were fixed and following the disturbance
211 controls were fixed until the alrplane returned to stebililized flight.
Figure 4 shows typlcal histories of the test maneuver. Tests, with and
without a wing fence, were conducted at 30,000 feet over a Mach number
range of 0.52 to 0.92.

METHODS OF AWALYSIS

With the present trends in designing high-performance airplanes
it has become apparent that motions other than yaw or sideslip are
important 1n determining acceptable dynamic flying gqualities. Refer-
ence 4 indicated that roll-to-sideslip ratio might be important in pilot
rating of the flying gualities of airplanes. In reference 5 the roll-
to-yaw ratio was shown to be useful in determining ailrplane stability
derivatives. Consequently measurements of the amplitudes of roll, yaw,
and sideslip have been made from the recorded transients, and have been
utilized in the analysis to give alrplane stgbillty derivatives. Ampli-
tude ratios and phase relationships of the transient rolling velocity,
yawing veloclty, end sideslip angle response to rudder pulses have been

measured from recorded time histories. However, lnasmuch as the recorded

time histories are relative to the alrplane body axis, they were converted
to stabllity exis data before proceeding with t?e enelysis. This was
done by employing the relation ﬁ = ¥, cOo8 o - @ sin a. For the
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angte-of -attack range of these tests it was necessary to convert only
the yaw velocity to the new axls, since the correction to sideslip and
roll velocity was of the order of 1 percent or less. The order of the
correction to the yaw velocity is shown in figure 4.

The procedure for determining the amplitude ratios at the airplane
natural frequency 1s graphical in that the free oscillatlon record is
enclosed by an envelope to establish the exponential order of the motion.
For each maneuver a plot such as flgure 5 is obtained from which the

amplitude ratios % » I% » and %l and the time to damp to one-half

amplitude are measured. By careful insepctlon of the time history, the
phase relationships and fregquency of the oscillation are determined. The
measured amplitude ratios and phase angles were converted to dlsplacement
ratios by the usual relatlonships lnvolving uvnmdamped natural frequency

and damping angle %l = i; %1 and ¢|91 = ¢I¢' - (90° + damping angle).
B B

It was shown in reference 5 that the stabllity derlvatives, CIB’

c

ng could be derived from the alrplane lateral transilent

CZP’ Cnr’
motions. The computing procedure involves the use of an Initial approxi-
mation for C, and CZP, the measured natural frequency, damping ratio,

and estimates for the derivatives of lesser importance (Cnp, CYB’ CZIJ

to calculate the roll-to-yew amplitude ratio and phase angle. The solu-
tion 1s one of iteration in that CzB and CIP are saltered until the

calculated amplitude ratio and phase angle match those measured experi-~
mentally. When the experimental amplitude ratioc and phase angle are
matched, the values of CnB and Cnr’ as well as C;B and Czp, have

been determined.

Reference 6 presents a procedure whereby the airplane stability
derivatives may be determined from the alrplane frequency-response data
by utilizing a method of least squares. Sample calculations were made
using thils method as a check of the results of the previous method.

o«
By means of the Fourier integral F(w) =u/‘ £(t)e 1%t the
o
functione of time were transformed into frequency fumections. For this
anglysis the integral was evaluated by an IBM calculating machine uti-

lizing the method of reference T. Briefly, the method of integration
fits a parabola through the data ordinates and evaluates the integral by

e
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multiplying the ordinates by a set of coefficienis. Summing these prod-
ucts evaluates the integral. From these calculations the amplitude and
bhase angle of the complex components were determined and are presented
as ratios of output to input and the difference in output to input phase

angle. . .
RESULTS AND DISCUSSION

By using the methods briefly described in the preceding section,
the transient-response deta have been analyzed to glve airplane stability
derivatives and frequency-response charascterlistics. The transient-
response characteristics of the ailrplane at an altitude of 30,000 feet
over s Msch number renge of 0.52 to 0.92 are presented in figures 6 to 8.
Figure 6 shows the variation with Mach mumber of roll-to-yaw, roll-to-
sideslip, and yaw-to-sideslip amplitude ratio at the natural frequency.
The addition of the wing fence reduced the roll-to-yaw and roll-to-
sideslip ratios slightly st a Mach number of 0.85. The pilot considered
this reduction to be an Improvement in the alrplane handling gualities
at this test condition., DPhase angle relastionships were also measured
and are shown in figure T. Only the amplitude and phase angle of roll to
yew were used in the present anslysis (by the method of ref. 5)3 however,
the amplitudes and phase angles of roll to sideslip and yaw to sldeslip
are also presented in figures 6 and T to show the trends. Figure 8 shows
the airplane undamped natural frequency and damping ratlo for these test
conditions., The measurement of these quantities by the graphical method
employed here depends entirely on the airplane response being lightly

damped.

By the method of reference 5 the more significant stability deriv-
atives Czﬁ, Cnﬁ’ Cnr’ and Czp were determined and are presented in

figure 9. The value of cYﬁ was determined by taking the slope of the

transverse acceleration plotted against sideslip during the alrplane's
free oscillastion. The variations of these derivatives with Mach number
are compared with derivatives calculated by determining the lift-curve
slope of the vertical tail (refs. 8 and 9) and by calculsting its contri-
bution to the latersl derivatives by the method of reference 10. In-
these calculations, the vertical tall ares was taken as the area above
the fuselage. Wing contributions to the derlvatives were estimated from
the methods of references 8, 11, and 12. The wing and tail contributions
to the derivatives were summed without regard for Interference effects.
The measured sideslip derivatlves are compared to those calculated in
figure 9(a). Experimental values of CYB are approximately 25 percent

higher than celculated. Thus it gppears that the fuselage or perhaps
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Interference effects contribute a considerable smount to this derivative.
Experimental an shows a different trend than predicted, increasing

slightly with Mach number whereas the calculated derivative decreases
with Mach number for this test range. Trends in CZB are similar but

the experimental derivative 1s approximately one-half the calculated
derivative. It appears, then, that the simple theory used herein 1is
inadequate in calculating these derivatives. Indicated dilfferences may
be the result of influence of the wing wake on the vertical tail since
these effects were not consldered in the calculations. The experimen-
tal Cp, (f1ig. 9(b)) is many times larger than the calculated damping

in yaw. A similer dlscrepancy was noted In reference 13, particularly

at high angles of attack, and was attributed to the wlng vortex flow
creating sidewash over the rear portion of the fuselege. The sidewash
lags the slrplane oscillation and increases the tall dasmping by increasing
the angle of attack of the tall during the osclllation. The experimental
demping in roll CIP (fig. 9(c)) compares favorably with the calculated

value.

Since the experimental derivetives are functions of the estimated
derivatives as well as the measured oscillatlon characteristics of the
alrplane, calculations were made to indicate the effect of a nominal
change in the calculated derivaetlives on the experimental derivatives.
Results of these calculations are given in table II. The maximum effect
of changing CnP by 20 percent appears in Cnr but this change is only

of the order of 5 percent. Altering Czr changed each of the deriva-
tives but the change was negligible. Twenty-percent change 1in CYB also

altered each of the derivatives, the maximum change of the order of
5 percent occurring Iin CZP' Thus it appears that falirly accurate experi-

mental derivatives can be obtained with reasonable estimates for the other
derivatives. The estimate of the alirplane lnertia characteristics 1s

also Ilmportant. For example, the product of inertia estimate will influ-

ence Cnr and CnB. Of course accurate measurements of the motion ampli-

tude ratios and phase angles are necessary. In an attempt to minimize
these errors, falred values for these guantities for each Mach number
were used 1n the calculation procedure.

Some results of calculating derivatives by the method of reference 6
are also Included in figure 9. The agreement between the derivatives
calculated by the methods of references 5 and 6 1s considered good at the
low Mach number but differences are apparent at the higher Mach number,
particularly in Cnr and Czp. A measure of the control effectiveness

was also obtained from the method of reference 6 and is compsred to that
measured in the Ames 40- by 80-foot wind tumnel in figure 10.
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By using the Fourier transformation the frequency content of the
transient records has been computed. An example is shown in figure 1ll.
Assuming that the most significant source of error is the reduction of
the film record to digital form, error boundaries have been computed as
in reference 1% and are also shown in figure 11. It is evident that at
the higher frequencles as the frequency content becomes low, (the expected
percentage error becomes high) the phase angles terd to diverge. Thus
accuracy 1ln amplitude assures sccuracy in phase angle. This criterion
has been used in terminating the fairings of the transfer functions
presented. ’

Showvn in figure 12 1s a summary of the frequency-response character-
istics of the airplane for four Mach numbers 0.52, 0.63, 0.72, and 0.87
at an altitude of about 30,000 feet. These data show that the natural
frequency and pesk amplitude ratio of the alrplane increase with increasing
Mach number for this Mach number range.

The results of the transient analysis and frequency-response analysis
were compared by calculating the frequency-response characteristics of
the airplane for the test condlitions of figure 12. Transfer-funciion
equations derived from the three lateral equations of motion were used
with the experimentsl stability derivatives and the calculated deriva-
tives where experimental derivatives were not available. The inertia
characteristics used were from figure 3. The control effectlveness
parameters were obtained from tests of the airplane in the Ames 4O~ by
80-foot wind tunnel (fig. 10). Results of these calculations at one
test Mach number (0.63) are shown in figure 13. The agreement shown is
considered fairly good. Similsr asgreement was obtalined at the other
test Mach numbers. :

CONCLUDING REMARKS

By anslyzing rudder pulse maneuvers with the XF-92A airplaene, the
characteristics of the airplane transient, airplane stebility deriva-
tives, and transfer functions were measured. An improvement in the air-
Pleane handling was noted as a result of the addition of the wing fences.
Stability derivatives were evaluated experimentally, and were also calcu-
lated with fair to poor agreement with experimental data. By using the
experimentally determined stability derivaetives, transfer functlons were
calculated that agreed reasonably well with those calculsted by Fourier
transformation.

High-Speed Flight Station,
Natlional Advisory Committee for Aeronsutics,
Edwerds, Calif., Mey 18, 1955.
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TABLE I

PHYSICAL CHARACTERISTICS OF THE XF-92A ATRPLANE

Wing:
Area, 89 £t « ¢« o o« ¢ o
Span, ft ¢ ¢ ¢« ¢ o « o &
Airfoil sectlon . . « « «
Mean aerodynamic chord, ft

2
=
&

Aspect Tatl0 & ¢ ¢ ¢ 4 4 4 4 e e 6 6 6 s s e 8 4 s s s s e s e 231
Root chord, F£ ¢ o ¢ ¢ « ¢ o« o « ¢« s s s ¢ ¢ s s ¢ s s o s s o R27.13
TID ChOTA « ¢ ¢« o « s o o s s« s & e o s s s s a s o o« o s s o &« 0
Taper ratio . . . . e ¢ & 8 4 « 8 s 6 s 8 s 8 & s s s & 8 s (o,
Sweepback (leading edge), AEE « « « v o o c o o s 4 6 o o 4 o a 60
Tncldence, A8& . ¢« ¢ ¢ o o « o« o ¢« o« o o s o s o « s s o o o « 0
Dihedrel {chord plane}, A « « « « « « o o s s « s = o o « o = o]

Elevons:
Ares (total, both, aft of hinge line), sg
Span (one elevon), £t « « « o » « « & & «
Chord (aft of hinge line, constent except at tip), ft
Movement, deg
Elevator:

Up o o o ¢ &

H
ct

e s e e e e e e . T6.19

»
.
.
.
=}
S|
N
\S |

S

DOWIL & o o o s o s o« ¢ s o o o o o s s s ¢ o o s o« s o s o 5
Alleron, tot8Ll .« &« ¢« « 4 ¢ 4 4 ¢ 6 0 s o s 0 s e e e e a0 10
Operation o « « o o o o ¢ o o 2 o » o s s s o o «a s ¢ s o » Hydrauliec

Vertical taill:
Area, B £t . . .« . . . . e e s e s s s e s s s a e e s T9.35
Helght, above fuselage center Jine, £t . ¢ ¢ ¢ ¢ o ¢ s + ¢ « o 11.50

Rudder:
Area, sq ft

Span, £ .+ ¢ ¢ ¢ 6 e ¢ 4 @ e v s s e e a et s s 8 8 e s 8 s g9.22
Travel, d€E « « « o« o « o « s a + o « s s s s s « s o o o o o« « E8.5
Operation ¢« « « « & ¢ ¢ « s o « o« s« o = o o s a o « o« s « « Hydraulic

Fuselsge:
Length, £ o « o ¢ « o o « s ¢ o + o o s « o s o o« o s s s« « b2.80

Power plant:
Engine . « o ¢« ¢ ¢ « ¢« ¢« ¢« o o o« « Allison J335-A-29 with afterburner
Rating:
Static thrust at ses level, 1b . . . c s e s s e e 5,600
Static thrust at sea level with afterburner, 1b o & . .« « T,:500

Welghts
Gross welght (560 g8l fuel), 1b v ¢ ¢ « ¢ « « o« « o« = « « = o « 15,560
Enp'tyweigh‘t,lb .......-...............11,808

Center-of-gravity locations:

Gross weight (560 gal fuel), percemt M.A.C. &« s e e s e . s . 25,5
Empty weight, percent MiA.Co &+ ¢ ¢ ¢ ¢ o ¢ o o s o s o 6 o « = 29.2
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TABLE IT

EFFECT OF VARYING CERTATN CALCULATED DERIVATIVES ON THE

EXPERTMENTALLY DETERMINED DERIVATIVES

Calculated derivatives Experimental derivatives
CYB Cnp CT’I‘ CT’B CZP CnI‘ an
-0.70| -0.001 | 0.071 | -0.0648 | -0.144 | -0.309 | 0.330
-.70| -.001 .085 -.0648 | -.1k2| -.308] .329
-.70| -.0012| .0TL -.0648 | -.1hk| -.321| .327
-84 | -,001 .O71 -.0622 | -.137| -.29%{ .329

13
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Figure 1l.- Three-view drawing of the XF-02A slrplane. All dimensions
in inches.
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Figure 2.- Details of the wing fences tepted. Fence located at 0.607 wing
gemispan (114.10 in.); wing chord at fence gtation = 127. 91|- inches; mexi-
mm wing thickness at fence station = 8.32 inches.
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Figure 3.- Assumed variation of airplane inertia with angle of attack.
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Figure 5.- Verification of the logarithmic order of the airplane osclllation.
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Figure 6.- Amplitude ratio at the natural frequency of roll to yaw, roll
to sideslip, and yaw to sideslip for the slrplane at an altitude of
30,000 feet (stability axis).
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Figure T.- Phase angle relationships at the nstural frequency of roll,
yew, and sideslip at an altitude of 30,000 feet (stability axis).
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(b) Yawing derivatives.

Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 12.~ Continued.
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Fouriler transformastion end from eirplane stability derivatives.
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Figure 13.- Continued.
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